Abstract The ability to integrate information from a variety of sources is a key ingredient of enhanced situation awareness in both conflict and non-conflict situations.
INTRODUCTION
Military Operations Other Than War (MOOTW) present a number of challenges to military agencies in terms of both information exploitation and inter-agency collaboration. MOOTW operations often require the integration of information from a variety of physically disparate and semantically heterogeneous information resources and, in many MOOTW operational contexts, such as humanitarian relief, military agencies are often required to work alongside other, non-military agencies, which raises issues concerning the effectiveness of inter-agency communication and information exchange mechanisms. In the context of the UK Data and Information Fusion (DIF) Defence Technology Centre (DTC) initiative we have been engaged in a program of research, called AKTiveSA, which aims to investigate issues relating to the effective inter-operation of both military and non-military agencies in a variety of MOOTW contexts. As part of our work we have developed a simulated humanitarian relief scenario to support subsequent knowledge engineering activities and also to provide a basis for technical demonstration. The scenario features a number of humanitarian incidents based around an earthquake in the Ghazni region of Afghanistan, and these events are superimposed on a backdrop of ongoing military conflict involving air strikes and ground manoeuvres by coalition forces against elements of the former Taliban regime. Formal ontologies, developed using the Web Ontology Language (OWL), were used to support the semantic annotation of various scenario-relevant information resources and to provide a representational substrate for inference-mediated information fusion processes. In addition to providing an effective solution for search and retrieval operations using semantic query languages such as SPARQL1, formal ontological representations were also used to support a number of visualization capabilities including the generation of MIL 2525B military symbols [1] and map overlays that juxtapose both military and non-military information. In this paper, we describe the ontologies that were developed in the context of the project and demonstrate how these can be used to support integrated information displays in the context of a technical demonstrator system: the AKTiveSA TDS. The system described herein exploits a variety of semantic technology components to highlight strategies for semantically-mediated information integration and display, especially in situations where information about the disposition of coalition military assets needs to be aligned with situation-relevant civil-intelligence. Although, our development work with respect to the AKTiveSA TDS is ongoing, this paper provides an overview of current system capabilities and describes how these capabilities will be extended in future development efforts. The overview of system capabilities presented here extends an earlier characterization of a prototype system, which was described in Smart et al [2] .
ONTOLOGY DEVELOPMENT
The basis of our approach in developing semanticallymediated approaches to information integration consists in the provision of formal ontologically-motivated characterizations of the problem domain. Due to the desired support for a variety of knowledge-oriented processes, we required the use of a suitably rich and expressive medium for knowledge representation. Recently, attempts to provide a set of representational formalisms for the communication of ontological structures within the framework of the Semantic Web have coalesced around the Web Ontology Language (OWL) [3, 4] . We elected to use this language as the representational medium for our ontology engineering activities, in part due to its endorsement by the World Wide Web Consortium (W3C), its close alignment with Resource Description Framework (RDF) and its level of semantic expressivity (which supports a variety of types of automated reasoning, e.g. subsumption reasoning).
A number of ontologies were developed as part of the knowledge engineering initiative for the AKTiveSA project. These included, but were not limited to: The results of the knowledge engineering initiative were presented in the form of a knowledge web (see Figure 1 ), which provided a web-based medium for browsing both domain ontologies and knowledge sources used as part of the ontology engineering initiative. The knowledge web was used by military Subject Matter Experts (SMEs) as part of the knowledge validation process.
TECHNICAL DEMONSTRATOR SYSTEM
To showcase the role played by semantically-enriched representations in supporting information integration and situation awareness, we developed a technical demonstrator system using a variety of technology components. These components are described in subsequent sections.
Knowledge Repository
The AKTiveSA Knowledge Repository is a key element of the AKTiveSA TDS and corresponds to an instance of the AKT 3Store [5] . The 3Store combines an RDF tripleStore with a SPARQL query engine that promotes the efficient storage and retrieval of RDF metadata. The 3 Store is implemented on top of a MySQL database engine, which can be manipulated using conventional queries formulated in SQL. However, in order to provide more sophisticated query capabilities, the 3Store also incorporates a SPARQL interface. The 3 Store SPARQL engine transforms a SPARQL query into a SQL query, which can then be executed against the relational database representation ofthe RDF data to return a query result. The AKTiveSA Knowledge Repository is used as the storage medium for the entire knowledge infrastructure of the AKTiveSA application domain. It contains all the ontologies and metadata associated with the application, including both schematic knowledge (classes) and knowledge objects (individuals). text reports, RSS feeds, etc., which were necessary to support the scenario timeline. In most cases, however, these resources were derived from actual information resources publicly available via the web.
A scenario generator tool was developed to coordinate the generation of information feeds and event triggers in respect of the scenario. Figure 3 shows Each application instance, in this case, provides editing capabilities, which allows authorized users to update the contents of the Knowledge Repository, thus changing the knowledge infrastructure of the situation picture.
View Manipulation Each AKTiveSA Client Application provides multiple opportunities for manipulation of the WorldView. These actions enable the user to change the camera view angle, tilt-level, elevation level, etc. The current implementation assumes that user interaction is primarily mediated via standard input devices, such as keyboard and mouse;
however, alternative modes of user interaction could be achieved, and in some situations these might be considered preferable. One notable example here concerns the use of large multi-touch screens which provide users with intuitive modes of interaction and, in some cases at least, also permit multiple users to work simultaneously with different parts of the application interface [6] . Touch-screen control of the user interface will often emulate that achieved using the mouse, so, for example, touching and dragging the WorldView will emulate a panning operation, while touching and dragging the fingers in a radial direction will emulate a zoom-in or zoom-out operation.
RSS Ticker
The AKTiveSA Client Application includes an RSS ticker control, which is designed to display information from various, user-selected news feeds. The summary for each news item is displayed in a scrolling marquee at the bottom of the user interface and each summary is associated with a 'More Information Button', which, when clicked, will open a dialog box to display the entire news article. Items that have already been displayed in this way are rendered using a white font, while items that have not previously been displayed are rendered using a red font.
Image Overlays Image overlays represent visual information about areas of the terrain as rendered in the WorldView component. Image overlays can include both vector based graphics (for regionbased information, such as population density or language distribution maps), or additional satellite imagery layers. Such overlays provide a means to easily extend the types of information content that can be displayed using the WorldView component.
Temporal Dynamics
The AKTiveSA Client Application provides two means to manipulate the scenario timeline in order to gain a view of past and future (predicted) states. The movement toolbar displays a visible movement trail, which indicates the past and predicted movement of a selected entity (e.g. a military unit) within the WorldView display (see Figure 5 ). This visual aid facilitates an understanding of the temporal evolution of the current situation picture both in terms of past situations and (likely) future situations. A second tool, the time gesture tool, compliments the movement toolbar by allowing users to use simple input gestures to alter the current time setting. Horizontal movements from left to right across the screen, using either the mouse (or fingers on a touch-screen interface) advances the temporal position forward in time, whereas a gesture from right to left will cause the time setting to regress. Combining horizontal gestures with vertical gestures allows the speed of temporal progress to be manipulated: a movement from the bottom of the screen to the top will increase the speed at which the time changes, allowing for large jumps in temporal position; movements from the top of the screen to the bottom will decrease the speed at which the time changes, allowing for fine-tuning of the temporal setting. To this end we have adapted a range of semantic technologies to demonstrate how semantically-enriched representational schemes can be used to assimilate information, facilitate search and retrieval and deliver operationally-useful decision outcomes in the context of a simulated humanitarian relief scenario. In addition to its ability to provide a sufficiently expressive medium for the representation of knowledge-rich contingencies, we also argue that the provision of semantically-enriched information can be used to filter information so as to avoid situations of information overload that might otherwise result from unrestricted access to large-scale, semantically heterogeneous information environments.
The AKTiveSA TDS provides a platform for demonstrating semantically-mediated modes of information integration and aggregation in the context a simulated humanitarian relief scenario. Operational contexts that require civil-military cooperation necessitate the exploitation (and exchange) of information that is considerably more diverse than that seen in conventional war-fighting contexts. For example, humanitarian relief operations, like that described in our scenario, necessitate the integration and juxtaposition of a variety of forms of information, including (but not necessarily limited to) information about refugee movements, the disposition of hostile forces, the status of ongoing offensive operations, the intentions and activities of humanitarian aid agencies, weather conditions, terrain features and the navigational status of key transport routes.
The exploitation of such information for the purposes of operationally-effective modes of planning and decisionmaking is facilitated, we argue, by the use of semanticallyenriched representational schemes (that support the rapid search and retrieval of information) in conjunction with flexible modes of visualization and interaction (that present the user with an opportunity to overlay and juxtapose multiple types of information in the context of an integrated display environment).
The technology development effort associated with the AKTiveSA initiative is ongoing, and the current paper has provided only a snapshot of system capabilities at an intermediate point in the development timeline. Our future development efforts will focus on a number of enhancements to the current system, including the provision of a virtual adviser component (an animated virtual agent providing vocal prompts and alerts), a reasoning subsystem component (providing decision support with regard to selected knowledge-intensive tasks, e.g. humanitarian needs assessment), a resource annotation component (which will use natural language processing technologies to assist with the classification and semantic annotation of textual resources), and a graphical query designer component (to enable end-users to construct semantic queries in an intuitive and visually-oriented manner). These enhancements will, we hope, extend the applicability of the system to situations and domains beyond civil-military operational contexts. For example, we believe the current research could be usefully applied to any domain requiring information integration with respect to heterogeneous information sources for the purposes of enhanced situation awareness. These could include the emergency services, search and rescue operations [7] , e-Health [8] and homeland security [9] .
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